Autophosphorylation and activation of Ca2+/calmodulin-dependent protein kinase II in intact nerve terminals.
The autophosphorylation of purified Ca2+/calmodulin-dependent protein kinase II (Ca2+/CaM kinase II) on a threonine-containing phosphopeptide common to both the alpha and beta subunits was previously shown to convert this enzyme into a catalytically active Ca2+-independent species. We now have examined the phosphorylation and activation of Ca2+/CaM kinase II in synaptosomes, a Ca2+-dependent neurosecretory system consisting of isolated nerve terminals. Synaptosomes were prelabeled with 32Pi and the alpha subunit of Ca2+/CaM kinase II was immunoprecipitated. Under basal incubation conditions the alpha subunit was phosphorylated. Depolarization of synaptosomes produced a rapid (2-5 s) Ca2+-dependent increase of about 50% in the state of phosphorylation of the alpha subunit. This was followed by a slower increase in the 32P content of the alpha subunit over the next 5 min of depolarization. The enhanced phosphorylation was characterized by an initial rise (2 s) and subsequent decrease (30 s) in the phosphothreonine content of the alpha subunit. In contrast, the phosphoserine content of the alpha subunit slowly increased during the course of depolarization. Thermolytic two-dimensional phosphopeptide maps of the alpha subunit demonstrated that depolarization stimulated the labeling of a phosphopeptide associated with autoactivation. In parallel experiments, unlabeled synaptosomes were depolarized, and lysates of these synaptosomes were assayed for Ca2+/CaM kinase II activity. Depolarization produced a rapid (less than or equal to 2 s) increase in Ca2+-independent Ca2+/CaM kinase II activity. This activity returned to basal levels by 60 s. Thus, depolarization of intact synaptosomes is associated with the transient phosphorylation of Ca2+/CaM kinase II on threonine residues, presumably involving an autophosphorylation mechanism and concomitantly the transient generation of the Ca2+-independent form of Ca2+/CaM kinase II.